Population characteristics such as population structure, growth, mortality, and size at sexual maturity of P. gravieri inhabiting warm temperate waters were investigated using size-frequency distribution data (January 1999 to December 2000). Sexual differences for carapace length/total weight and carapace length and total length were statistically significant in the intercept of the regressions in the former relationship and the slope in the latter, respectively. Population size based on size-frequency distribution between female and male and between two years were described. Population density was high in March and April during two years of sampling. Sex ratio was biased toward females for most of the months sampled. Growth was continuous and seasonally oscillated throughout the year. Adult females were larger and grew faster than males. The von Bertalanffy growth parameters for two-year pooled samples between females and males were estimated as
The grass shrimp Palaemon gravieri (Yu) is distributed throughout the Yellow Sea and Southern Sea of Korea, coastal waters of Japan (Holthuis, 1950 (Holthuis, , 1952 Kamita, 1950; Kim, 1977) . The species occurs abundantly, usually around coastal and brackish waters and is commercially important in the southern and western coastal waters of Korea as food for humans.
Growth in crustaceans is difficult to estimate because exoskeletons are lost during moulting process. Thus, analysis of length-frequency data (LFD) has been used to identify year classes. The average growth curves seem proper to be fitted by the von Bertalanffy growth functions (VBGF) (Beverton and Holt, 1957; Ricker, 1975) applied to the mean lengths of year classes in relation to their age (Parrack, 1979; Frenchette and Pearsons, 1983; Garcia and Le Reste, 1986; Roa and Ernst, 1996; Tuck et al., 1997) . Pauly and Gaschütz (1979) have modified the basic VBGF into sigmoid growth in order to incorporate seasonal variations in growth common in temperate-water animals. The revised VBGF model is the most widely used model for decapod crustacean stock (Pauly et al., 1984; Ohtomi and Irieda, 1997; Bergström, 1992; Alves and Pezzuto, 1998; Hopkins and Nilssen, 1990) . Growth is also correlated with other life-history traits such as mortality and size at sexual maturity, considering two representative life-history models (r-and K-selection models) suggested by MacArthur and Wilson (1967) . Thus, population parameters mortality and size at sexual maturity would vary depending on the growth pattern of the species.
Because P. gravieri inhabits warm temperate waters in Korea, growth of the species is hypothesized to fluctuate seasonally, which is thought to influence mortality rate and the time of sexual maturity
The objective of the current study is to understand population characteristics through describing growth, population structure, mortality, and size at sexual maturity.
MATERIALS AND METHODS

Sampling, and Population Density and Structure
Palaemon gravieri was collected monthly by otter trawl of 1 cm mesh size, with 20 min tows (2 knots/h) from January 1999 to December 2000 near the coastal region of Namhae, with depth between 25 m and 30 m, Korea (348499N, 1278489E). Sampling was carried out at neap tide, during which water currents were favorable to trawling. All samples collected were divided into several aliquots and fixed with 10% neutral Formalin on the ship and then stored in 70% alcohol solution. Sex was determined by the presence (males) and absence (females) of an appendix masculina on the second pleopod. The regressions of carapace length (CL) and total length (TL) between females and males were compared. Population density was determined by calculating individuals per unit area using the formulas S (Distance) ¼ V (Velocity) 3 T(Time), Swept area ¼ S(Net width), Density ¼ individuals/unit swept area Growth Carapace length of the shrimps was measured from the posterior rim of the eye socket to the posterior lateral edge of the carapace. Growth parameters were estimated by length-frequency distributions with 1 mm length interval of carapace using revised von Bertalanffy growth function (VBGF) (Beverton and Holt, 1957; Ricker, 1975) 
, where L ' is asymptotic length that the species would reach if they lived indefinitely, K is a curvature parameter or growth coefficient, and t 0 is age at zero length. While t s and C are parameters which control seasonal growth oscillation of the period (one year), t s is the start of a sinusoid growth oscillation with respect to t ¼ 0, and C is a parameter exposing the intensity of the seasonal growth oscillation. This equation is more revised to the classic von Bertalanffy growth function equation. The parameter t s is defined such that t s þ0.5 ¼ the winter point (WP), i.e., the time of the year (expressed as a decimal fraction) where growth is the slowest. For the estimation of growth parameter, length-frequency distribution (LFD) was analyzed by the ELEFAN program (Gayanilo et al., 1995) , a nonparametric method to fit the modified VBGF through modes. The best curve will pass through the maximum number of modes. Analogous to a coefficient of determination (r 2 ) in regression analysis Rn (¼10ESP/ASPÁ1000, where ESP is an explained sum of peaks and ASP is an available sum of peaks) was used to obtain the estimator of the goodness of fit. The ELEFAN estimates the growth parameters (L, K, C, and WP) without standard errors. According to Pauly (1987) , t 0 estimates cannot be obtained soley on length-frequency, so that ELEFAN routine alone allows their calculation. The growth model was fitted separately for each sex. The growth curve was estimated by ELEFAN program (Gayanilo et al., 1995) . Thus, t 0 was estimated using the relation described by Lopes Veiga (1979) 
where Lh is the carapace length at hatching. In this study, the value used for Lh was 0.3 mm CL.
Mortality
Once the growth parameters of VBGF were obtained, a linearized length converted catch curve (Pauly, 1983 (Pauly, , 1984 was constructed using the following formulas to estimated total mortality (Z): Ln (N(L1, L2)/Át (L1, L2) ¼ CÀZ(t(L1)þt(L2)/2) (Pauly, 1983 (Pauly, , 1984 , where N is the number of shrimps in the length class between L1 and L2, Át is the time for shrimp to grow through the length class, t is the relative age of the shrimps, C is constant and the slope is an estimate of mortality (Z). In the sampling area, fishing was prohibited, thus fishing mortality was excluded in this study; that is, natural mortality equals total mortality (Z).
Size at Sexual Maturity
The size at which 50% of the females are ovigerous was estimated by using two criteria: the proportion of ovigerous females, and ovarian developed females, based on the vitellogenesis, were determined during the breeding period (Kim and Hong, 2004) . The proportion of mature females by size were fitted to a logistic equation as described by Campbell (1983) and King (1995) : P ¼ 1/1þ exp(aþbCL), where P is the predicted mature proportion, a and b are the estimated coefficients of the logistic equation, and CL is the carapace length. The estimation of parameters in the above equation was made by regression of linearized log-transformed P and CL using the least squares method. The CL 50 , size at sexual maturity, the proportion of 50% in sexually mature females, was estimated by substituting 0.5 of P and the ratio of minus a/b. The differential ratio of sexually mature females between two years was determined by Kolmogorov Smirnov two-sample test (Sokal and Rohlf, 1995) .
RESULTS
Length and Weight Relationship
The regression of CL against TW (total weight) and CL against TL for females and males showed positive relationship respectively (y ¼ 2.5196xÀ2.5568, r 2 ¼ 0.9177 (female CL/TW); y ¼ 2.4004xÀ2.4561, r 2 ¼ 0.7927 (male CL/TW) (Fig. 1A) ; (Fig. 1B) . The slope of linear regression of CL against TW between female and male was not significantly different by ANCOVA (F ¼ 1.21, df ¼ 1,378, P . 0.05), but the intercept was significantly different by ANCOVA (F ¼ 4.99, df ¼ 1, 379, P , 0.05). The slope of linear regression of CL against TL between female and male was significantly different by ANCOVA (F ¼ 107.23, df ¼ 1,151, P , 0.05).
Population Density and Structure
Total number of individuals collected for this study was 2879, 1950 (67.8%) for female and 928 (32.2%) for male respectively. According to size-frequency distribution, there was no significant difference between females and males (Kolmogorov-Smirnov test; d max ¼ 0.316, P . 0.10) ( Fig.  2A) . There was also no difference between the two years of size-frequency distributions between females and males (Kolmogorov-Smirnov test; d max ¼ 0.333, P . 0.10) (Fig.  2B) . The mean carapace lengths were 12.28 (62.115) mm and 9.43 (61.131) mm. In females the minimum and maximum carapace lengths were 5.20 mm and 18.38 mm, and in males those were 6.32 mm and 16.85 mm respectively. The carapace length of female was larger than that of male, and it was significantly different (t-test, P , 0.01).
Monthly Fluctuation of Population
Density and Structure A similar pattern of the population density between the two years was observed, but a higher population density was shown in 2000 than in 1999 (Fig. 3A) . Seasonal fluctuation of population density indicated that winter and spring were the seasons of higher population density than summer and autumn. The numbers and months of the highest and lowest population density were 59 (ind.) per 100 m 2 in April 2000 and 2 (ind.) per 100 m 2 in July 1999. Average population density was 15 (ind.) per 100 m 2 . There was no significant correlation between the two years. There was no significant correlation between population density and water temperature (P ¼ 0.122) (Fig. 3A) . Sex ratio was skewed toward females in late spring and early summer. The months showing maximum difference of sex ratio were July 1999 and from April to June 2000, while the months showing minimum difference of sex ratio were around January and February of both years (Fig. 3B ).
Growth
The size-frequency distributions from January 1999 to December 2000 showed that the population was made up of two year-classes (Fig. 4) . The population started to recruit juveniles in early July and completed in September. During July and August the new recruits to the population appeared with the old year class. For both years the size-frequency distributions were similar. Growth was continuous all year round and faster in summer than in winter. Females grew faster than males (Fig. 5) . Pooled growth parameters between females and males were estimated as L ' ¼ 23.30,
respectively. According to length-frequency distribution data, life span was estimated to be approximately thirteen to fifteen months.
Mortality and Size at Sexual Maturity
Total mortality (Z) is generally regarded as natural mortality plus fisheries mortality; however, fisheries were not permitted in the sampling area. Therefore, total mortality was natural mortality. Natural mortality (Z) was calculated by length-converted catch curves; thus, two regression equations of pooled females and males were calculated as below. For pooled female and pooled male samples the mortality equations were y ¼ À3.92xþ11.89, n ¼ 10, r ¼ 0.920, and y ¼À2.41xþ10.57, n ¼ 9, r ¼ 0.976 respectively ( Fig. 6A and B) . The slopes of the equations indicated instantaneous mortality. Mortality of females was higher than that of males.
The proportion mature by length class increased logistically with length in two years analyzed (Fig. 7) . The maturity curves indicate that size at sexual maturity of P. gravieri was estimated to be 7.89 mm CL. The 50% maturity (CL 50 ) between both years was similar.
DISCUSSION
The Relationship Between Carapace Length Against Total Weight and Total Length, Population Density and Structure
The relationship between carapace length against total weight suggested that as carapace length increases weight is heavier in females than in males. The greatest population densely appeared in spring during both years, which was presumed to be inversely related with water temperature, but no statistically positive relationship between density and water temperature was found.
In general, sex ratio is known to be close to 1:1(female : male) in nature (Fisher, 1958) , but in P. gravieri females were more favored than males in spring and summer. Berglund (1981) suggested several hypotheses to interpret skewed sex ratio in palaemonid species. Skewed sex ratio can be caused by different habitat preference between sexes, differential primary sex ratio, differential mortality between sexes, and different behavioural characteristics such as migration. In this study, sex ratio was not significantly skewed toward either female or male prior to spring (brooding period of the females), but during brooding period sex ratio was biased toward females, suggesting that most males might die after mating with females.
Generations of the population were separated, as determined by the modal distinction of size-frequency distribution. Generation pattern of P. gravieri was simple, one generation started to appear in July before the previous generation completely disappeared. Thus, it is assumed that all individuals die around July without any migration because the sampling area is considered to be a growing and nursery area. A laboratory experiment of rearing ovigerous females also showed that all females died several days or some weeks after they hatched their larvae.
Growth
As in the other species of Palaemon (Guerao et al., 1994; Guerao and Ribera 1995) , P. gravieri showed a clear sexual difference in growth. The growth rate of males was much lower than that of females. It can indicate reduction of male energy investment in growth and possibly decrease of their risk of predation as interpreted concordantly in the study of other Palaemon species (Berglund, 1981; Guerao et al., 1994) . Growth and longevity of the population clearly depend on latitude and local environmental conditions. The comparisons of Palaemon species based on growth parameters associating with different latitude or habitats are shown in Table 1 . Garcia and Le Reste (1986) noted the relationship between the K value and temperature. The K value of Palaemon gravieri inhabiting warm temperate waters was similar to that of other Palaemon species occurring at a similar latitude, whereas in P. xiphias the K value was higher than that of other species (Guerao et al., 1994) . On Atlantic coasts, relatively lower K values from P. serratus, 0.66-0.73 for males and 0.48-0.54 for females, are reported (Campillo, 1979; Figueras, 1984) . The longevity of P. gravieri was estimated to be between 13 and 15 months, which is almost consistent with the estimated longevity for P. xiphias (see Guerao et al., 1994) , Palaemon modestus (see Oh et al., 2002) , P. pacificus (see Ito et al., 1991) , and P. elegans (see Sanz, 1986) . However, in Atlantic waters, P. serratus shows a longevity of three years (Forster, 1951; Campillo, 1979) . According to the comparisons of the K value of Palaemon species described above, it may be concluded that the lower K value, the slower the species . Logistic function fitting the proportion of mature females to carapace length. CL 50 , which corresponds to a proportion of 0.5% (50% of mature females) is size at sexual maturity with 95% confidence limit. growth and the longer its longevity, indicating that temperature seems to be most the influential factor on the growth and the longevity of Palaemon species. Those results can be supported by many other studies on seasonal growth rate of Palaemon species. In higher latitudes (Baltic Sea), P. adspersus and P. elegans grow slowly, and they halt growth during periods of lower temperature (Berglund, 1981) . In South Africa, the growth of P. pacificus was rapid during summer and slower during winter (Emmerson, 1986) . Palaemon macrodactylus halts growth during winter in Matsushima Bay (Omori and Chida, 1988) . Growth curve of P. gravieri has its origin in the month of September, which coincides closely with the highest peak of recruitment (Kim and Hong, 2004) . The tendency of the amplitude of seasonal growth oscillation (C) to reach low values (female) and high value (male) indicates that females of P. gravieri present relatively weak seasonal oscillation in growth, but males present much stronger seasonal oscillation. Pauly (1987) has demonstrated a direct relationship between the value of C and the difference between the highest and the lowest mean monthly temperatures to which fish or shrimp are exposed during one year, suggesting growth oscillation is mainly due to temperature changes. During the sampling period for P. gravieri, temperature fluctuated highly (6-268C) and seasonally, which means temperature greatly influenced growth of both sexes. The estimated winter points (WP, the period of the year with the slowest growth) in females and males were 0.1 and 0.2, respectively, which indicates the slowest growth is during winter for both females and males, and suggesting seasonal growth oscillation and poorest growth period directly related with low temperature. Growth between females and males is somewhat similar in pattern for two years but more seasonally oscillated in males than in females, although growth rate is higher in females than in males, which indicates the male is subject to being more affected by temperature fluctuation in terms of growth. In conclusion, P. gravieri showed similar longevity and growth patterns to some other Palaemon species, such as P. xiphias and P. pacificus, but their growth coefficients and other parameters were found to be variable, suggesting growth of Palaemon species can be significantly changed by latitude and local environmental situations. This implies they have evolved to be adapted for their fitness to the local environments.
Mortality and Size at Sexual Maturity
The estimates of Z from length-converted catch curves showed that instantaneous mortality of females is higher than that of males, indicating females are larger than males in size. This means females molt more frequently than males; thus, they might be more exposed to predators and vulnerable to predation. However, the longevity of males was shorter than that of females, indicating that males might die after mating. This was supported by a rearing experiment in the laboratory. After mating, females subsequently continued the brooding period, but males died in a few days.
Female size at sexual maturity was estimated to be 7.89 mm CL, showing ovarian development starts in winter (intermediate stage of development) and continues to be mature to the early spring, which is a spawning period (Kim and Hong 2004) , suggesting P. gravieri reach maturity rather earlier. Consequently, P. gravieri showed faster growth, seasonally oscillated growth pattern, rather short life span, somewhat high mortality, and early onset of sexual maturity, which is considered to be similar to r-selected species.
